Abstract
Introduction

31
The generation of neuronal diversity in mammals and Drosophila is a multi-step process. The the sequential specification model, TTF binding will occur at different loci in each neuroblast.
138
To discriminate between these models, we sought to determine Hb genomic targets in NB5-6 139 versus NB7-4. If independent specification is used, we expect to find similar Hb occupancy in Hb retains the ability to generate ectopic early-born neuronal identities, and thus presumably can 144 still bind its normal genomic targets. To identify Hb occupancy in these two neuroblast lineages, 145 we adapted the previously described TaDa method (Southall et al. 2013; Marshall et al. 2016) . provides a read-out of Hb genomic occupancy ( Figure 1F ).
152
Here we characterize two Gal4 lines that are specific for NB5-6 and NB7-4 lineages in the 153 embryo. We use these lines to obtain NB-specific expression of Dam:Hb (to identify Hb genomic where most Hb+ neurons are located (Kambadur et al. 1998); and (iii) close morphological match 207 to the grasshopper G neuron, an early-born neuron from NB7-4, including ascending and 208 descending projections in the most lateral connective tract (Raper et al. 1983 ). Finally, we note 209 that all NB7-4 neuronal progeny have contralateral axons (Schmidt et al. 1997; Schmid et al. 210 1999), whereas the NB5-6 early-born Chaise Lounge neuron has ipsilateral projections. Thus, we 211 conclude that NB5-6 and NB7-4 produce different neurons during the Hb expression window. This 212 makes NB5-6 and NB7-4 an appropriate model system to characterize how different spatial 213 patterning cues produce distinct Hb+ early-born cell types.
215
Generation of a functional, non-toxic Dam:Hb fusion protein
216
The first step in using the TaDa method to map Hb occupancy in the NB5-6 and NB7-4 lineages is ORF is important to keep both Dam and Hb levels extremely low, which reduces toxicity and 223 increases specificity of DNA binding (Southall et al. 2013) . fusion protein was functional, we assayed for its ability to generate ectopic Eve+ U neurons,
228
despite being expressed at very low levels. In wild type, NB7-1 generates five Eve+ U neurons,
229
including the Hb+ early-born U1 and U2 neurons, and extending neuroblast expression of Hb 230 produces many ectopic Eve+ U1/U2 neurons (Isshiki et al. 2001; Pearson and Doe 2003 in a higher fraction of cells and for ≥12h (Southall et al. 2013; Cheetham et al. 2018; Widmer et al. 280 2018). We expressed Dam:Hb using each of two neuroblast-specific Gal4 lines (NB5-6-Gal4 and and purified DNA from stage 12 embryos, near the end of the Hb competence 282 window (see methods). We performed three biological replicates for each neuroblast and 283 observed excellent reproducibility across all replicates ( Figure 4A ). We conclude that we can get a Figure 4A ). We expected the number of 289 differentially bound loci to be relatively small, because most genes are not predicted to regulate 290 NB5-6/NB7-4 differences, and indeed, comparing Hb binding along the entire fourth chromosome 291 shows qualitative similarities between the two NB lineages ( Figure 4B ). This is also evident at 292 genes known to be expressed in and regulated by Hb across many neuroblast lineages -e.g. Kr, 
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Next we represented the differentially bound loci using a volcano plot, where the magenta 307 dots highlight the most significantly differential loci with more than 2-fold change and an FDR of reproducibility in all but one replicate, so we used the two best replicates henceforth ( Figure 5D ).
339
The reproducibility of the method can also be observed in the similar Dam binding patterns seen to be highly significant, detecting 5.23% overlap with a set of random peaks in NB5-6 and 6.75% 377 in NB 7-4 (100 iterations, p-value <1 e -300 for NB 5-6 and 8.9 e -133 for NB 7-4, see methods). As a 378 control, we assayed loci bound by Dam:Hb in both neuroblast lineages and found that there was 379 no difference between lineages in open chromatin at these sites ( Figure 6C ). We confirmed these 380 findings at the top five differentially bound Dam:Hb loci in the two neuroblast lineages. All but two 381 of these differentially bound loci were also identified in the differential chromatin analysis; even 382 the two that were not picked up in the analysis (sqz and mspo) were qualitatively different 383 between the two neuroblast lineages ( Figure 6D ,E). We conclude that neuroblast-specific (Skeath et al. 1995; Bhat 1996) . Not only is Gsb a functionally validated STF, but Gsb ChIP-chip 398 data from 0-12h embryos are publicly available (Bonneaud et al. 2017) . As NB5-6 is a row 5 NB 399 lineage specified by Gsb, it gave us the opportunity to test the sequential specification model 400 more deeply. We asked whether Gsb occupancy was enriched at regions of accessible chromatin 
448
We propose that the spatial factor Gsb opens genomic loci in NB5-6, allowing the temporal The advantage of the Drosophila model is that these relationships can be rigorously tested. results) and our data show that the zfh2 locus is indeed equivalently occupied in both neuroblast 510 lineages. Apart from the commonly regulated loci, we identified over 100 loci that are differentially 511 bound by Hb in NB5-6 or NB7-4. These are excellent candidates for lineage-specific neuronal 512 specification.
513
Our study, coming almost two decades after the first descriptions of spatial and temporal 514 patterning in Drosophila neural stem cells (Isshiki et al., 2001) , has for the first time explored the 515 mechanism by which spatial and temporal factors could be integrated to generate neuroblast-516 specific neuronal progeny. Only recently has it been possible to probe TTF DNA-binding and 517 chromatin landscapes within two distinct neuroblast lineages -due to the parallel advances in 518 genetic tools, functional genomics, and our ability to manipulate the genome. Given the 519 conservation of mechanisms in generating neural diversity in vertebrates and invertebrates, and 520 exquisite ways in which the genome can now be manipulated in different organisms, it is now 521 possible to determine if similar mechanisms generate diversity during vertebrate neurogenesis. Table  Reagent collected every two hours and aged for 7.5 hours at 25°C, and similarly treated until sufficient 572 material was collected -for each replicate, 4 X 1.5 µL tubes of 50 mg of control and experimental 573 embryos.
Methods
Key Resources
574
The TaDa experimental pipeline was followed according to (Marshall et al. 2016) , with a few 575 alterations to optimize for small cell numbers and short duration of Dam expression. Briefly, the 4 576 tubes of each replicate were thawed on ice, processed separately and in parallel until the PCR 577 purification step after the DpnI digestion step; subsequently, an additional PCR purification step 578 using standard Qiagen PCR purification columns was used to concentrate the DpnI digested 579 product to 32 µL. Embryos were homogenized with an electric pestle and gDNA was extracted 580 using the DNA Micro Kit (Qiagen, cat. no. 56304). Extreme care was taken to ensure that the 581 gDNA remained intact -this was done by using wide bore tips to avoid fragmenting the DNA,
582
pipetting deliberately, and avoiding any rough shaking/tipping. gDNA was digested with DpnI for Peak overlap. bedtools intersect was used for computing peak overlaps. Differential analyses in Figure 4 and Figure 5 were performed using DiffBind (Ross-Innes et al. 
